Abstract Xylose-rich sawdust hydrolysate can be an economic substrate for the enzymatic production of xylitol, a specialty product. It is important to identify the process factors influencing xylitol production. This research aimed to screen the parameters significantly affecting bioxylitol synthesis from wood sawdust by xylose reductase (XR). Enzymatic bioxylitol production was conducted to estimate the effect of different variables reaction time (2-18 h), temperature (20-70°C), pH (4.0-9.0), NADPH (1.17-5.32 g/L), and enzyme concentration (2-6 %) on the yield of xylitol. Fractional factorial design was followed to identify the key process factors. The screening design identified that time, temperature, and pH are the most significant factors influencing bioxylitol production among the variables with the values of 12 h, 35°C, and 7.0, respectively. These conditions led to a xylitol yield of 71 % (w/ w). This is the first report on the statistical screening of process variables influencing enzymebased bioxylitol production from lignocellulosic biomass.
Introduction
Lignocellulosic biomass (LCB) represents an abundant and inexpensive source of sugars, which can be biotransformed into various specialty products. Among these specialty products, xylitol has received much attention worldwide. Xylitol, a pentahydroxy sugar alcohol, is a specialty chemical and is naturally found in small amounts in various fruits and vegetables. The most important application of xylitol is its use as an ideal sweetener for people suffering from diabetes and obesity because of its insulin-independent metabolism and low calories [1] . In addition, xylitol is identified as one of the 12 high-value products that can be manufactured from LCBs. It can also serve as a valuable building block for the synthesis of various industrially important chemicals such as xylaric acid, lactic acid, or glycols [2] . Industrially, xylitol is produced by chemical hydrogenation of pure xylose in the presence of a nickel catalyst at elevated temperature and pressure. The chemical process has some disadvantages such as a high energy requirement, extensive separation and purification steps, being laborious, and an expensive product [1] . Biotechnological approaches for xylitol production are based on the utilization of microorganisms or isolated enzymes.
The microbial production of xylitol from LCB has been studied extensively in the past few decades as an alternative to the chemical process, and yeasts (especially belonging to the genus Candida) are identified as the best xylitol producers among the microbes [3] [4] [5] . The benefit of the microbial process over chemical procedures is its lower cost due to the nonnecessity of extensive xylose purification [1, 4] . Although the yield of microbial xylitol production could be increased using different production methods with yeast strains, the chemical process would still be very competitive in terms of large-scale manufacturing. Moreover, the yeasts of Candida sp. are suspected to be human pathogenic in nature under opportunistic conditions [6] . The application of the microbial process on an industrial level is time consuming, being associated with some preparatory activities such as sterilization and regular inoculum preparation involving input of energy, labor, and time, leading to decreased productivity [1] . Considering the drawback of microbial xylitol production, it is important to emphasize on the development of in vitro enzymatic conversion of xylose to xylitol. Few reports are available on enzymatic xylitol production from commercial pure xylose or from a mixture of pure xylose and hemicellulosic hydrolysate using xylose reductase (XR) [7] [8] [9] . The enzymatic method for xylitol production from LCB is environmentally friendly and safe because xylitol production can be achieved without high temperature, pressure, toxic catalyst, or xylose purification, and this approach might provide an alternative for both chemical and microbial processes. Xylitol produced by enzymatic conversion instead of chemical hydrogenation is called bioxylitol.
Meranti wood sawdust (MWS), an LCB, is a sawmill waste that is available at low cost. The major polymeric components of MWS are cellulose (41.06 %), xylan (29.22 %), and lignin (25.22 %). Its hemicellulosic part is selectively hydrolyzed by dilute acid to produce a xylose-rich hydrolysate [10] [11] [12] , which can be used as an economic substrate for bioconversion to a variety of value-added products mainly xylitol. The major drawback in the bioprocess utilizing hemicellulosic hydrolysate is that it contains not only the sugar required for biotransformation but also inhibitory by-products that could prevent the bioconversion of hydrolysate [3, 13] . XR (EC 1.1.1.21) is an oxidoreductase enzyme found in the cytoplasm of xylosefermenting yeast and fungi. It is mainly used in the production of bioxylitol, bioethanol, and biosorbitol from xylose [14] . In this study, XR was prepared from an adapted strain of Candida tropicalis. Nidetzky et al. [15] and Woodyer et al. [16] pointed out that xylitol production via enzymatic bioconversion of xylose depended on a number of process factors like type and concentration of substrate, pH, and temperature. For a bioprocess, it is, therefore, important to screen the significant variables that influence the product yield.
Screening experimental designs are statistical techniques where many variables are selected concurrently to a significant few and much quantitative information can be acquired through a few numbers of experiments. These designs are required to determine which of the variables and their interactions present more significant effects on the response and should be retained in subsequent models [17, 18] . In addition, a screening design is employed to reduce the number of parameters in order to decrease the required time and process cost [18] . Fractional factorial design (FFD) is one of the most powerful and widely used statistical screening approach for the identification of important variables affecting process response principally because it is efficient and economical [17] . Till now, no report is available on parameter screening approach for identifying significant variables influencing enzymatic xylitol production from lignocellulosic substrate. The aims of the present work were to evaluate the effects of process variables on bioxylitol production from MWS hemicellulosic hydrolysate (MWSHH) by XR and to identify the key factors having significant impact on xylitol yield. The FFD was employed to define the most significant variables among reaction time, temperature, pH, NADPH, and enzyme concentration, which affect xylitol production.
Materials and Methods

Raw Material and Hydrolysis of MWS
The biomass material, MWS, was collected from a local sawmill (Seng Peng Sawmills Sdn Bhd, Malaysia) and prepared for hydrolysis. MWS was hydrolyzed in batch system at 124°C with 3.26 % (w/w) H 2 SO 4 for 80 min using a liquid to solid ratio of 8 g/g. These operating conditions were selected on the basis of previous reports [10, 12] . The liquid phase was collected by filtration and the filtrate, MWSHH, was neutralized with CaO to pH 6.0. The composition of MWSHH was analyzed by HPLC. It contained (g/L) 18.8 xylose, 4.64 glucose, 4.14 acetic acid, 2.55 arabinose, 1.55 lignin degradation products (LDPs), 0.55 furfural, and 0.08 hydroxymethylfurfural (HMF). The MWSHH was stored at 4°C and used in subsequent experiments.
Microbial Strain and Media
Candida tropicalis IFO 0618 was the microorganism used in this study and was obtained from the ATCC, USA. The yeast strain was cultured on yeast-extract peptone dextrose (YPD) agar plate at 30°C for 30 h and maintained at 4°C. The YPD agar medium has the following composition (g/L): 20 glucose, 5 yeast extract, 5 peptone, 1 KH 2 PO 4 , 5 MgSO 4 ·7H 2 O, and 20 agar in ultrapure water [14] . The synthetic growth medium (SGM) was composed of (g/L) 30 xylose, 3 yeast extract, 3 K 2 HPO 4 , and 1 MgSO 4 ·7H 2 O in water. The YP-hydrolysate (YPH) agar medium was prepared from MWSHH containing 18.8 g/L xylose instead of using glucose, and the rest of the media ingredients were the same as the YPD agar medium as mentioned above. The pH of all the media was adjusted to 6.0 with 1 M HC1 before autoclaving at 120°C for 20 min. In order to avoid undesired reactions, the sugar solutions (e.g., glucose or xylose in water) and MWSHH were autoclaved separately from other medium ingredients. The sterilized carbon sources were then mixed together with other components before use.
Preparation and Maintenance of Adapted Yeast
The inoculum prepared in SGM was further cultured in media containing MWSHH. Adapted strain of C. tropicalis was prepared by sequentially transferring and growing cells in media containing increasing concentrations of MWSHH (10 to 100 % (v/v)) supplemented with (g/L) required amount of xylose, 3 yeast extract, 3 K 2 HPO 4 , and 1 MgSO 4 ·7H 2 O to yield the same composition used for SGM. Cells were collected by centrifugation, and six successive batch cultures were conducted with hydrolysate growth medium (HGM) to obtain adapted C. tropicalis as described in the previous report [14] . The adapted yeasts were maintained on YPH agar medium and used in XR production experiments.
Preparation of Inoculum and Growth Conditions
For inoculum preparation from a fresh culture (grown at 30°C for 36 h on YPH agar), cells of adapted C. tropicalis were transferred to an Erlenmeyer flask (250 mL) containing 50 mL of HGM (MWSHH containing (g/L) 18.8 xylose, 3 yeast extract, 3 K 2 HPO 4 , and 1 MgSO 4 ·7H 2 O). The inoculated flask was incubated at 30°C in an incubator shaker (Infors HT Ecotron, Switzerland) for 24 h at 150 rpm.
Preparation of XR Enzyme
A 10 % inoculum of adapted yeast from a 24-h culture was inoculated into an Erlenmeyer flask (1 L) containing 250 mL of HGM and incubated at 30°C and 150 rpm. Cells were collected at the end of the exponential growth phase (20 h; 4.87 g/L cell dry weight) by centrifugation, the cell pellet was washed with potassium phosphate buffer (0.1 M; pH 7.0), the pellet was resuspended in buffer at a cell fresh weight to buffer ratio (w/v) of 1:2, and the cell suspension was disrupted with a cell homogenizer (Omni Ruptor 4000, USA) for XR preparation as reported elsewhere by the authors [14] . The cell homogenate was then centrifuged at 8000×g for 20 min at 4°C to obtain a supernatant solution. The supernatant was recentrifuged at 18,500×g for 30 min and the refined supernatant was named as crude XR enzyme. The volumetric activity of NADPH-dependent XR was 11.2 U/mL. XR was stored at −80°C and used in subsequent bioxylitol production experiment.
Production of Bioxylitol
The reaction medium containing 0.1-M phosphate buffer (pH 7.0), XR enzyme, and NADPH in an Erlenmeyer flask (50 mL) was used in the bioxylitol production experiment. The reaction was started by the addition of MWSHH as substrate. Preboiled XR was used as control. Following thorough mixing of the reaction mixture, a 100-μL volume was withdrawn to use as a zero time reaction, boiled, and then stored at −20°C until analysis. The remainder of the reaction mixture was incubated at different experimental conditions in an incubator shaker. The assay of the residual XR activity was performed by diluting aliquots taken from the reaction mixture into the respective assay buffer. At the end of the desired length of time, the reaction was stopped by heating the reaction mixture in boiling water. The denatured protein in the reaction sample was separated by centrifugation at 8000×g for 10 min at 4°C. The supernatant was stored at −20°C and analyzed for xylitol, sugars, acetic acid, LDPs, furfural, and HMF. All experiments were carried out in triplicate and mean values were recorded. The error bars indicate the standard deviations (SDs) of the mean values.
Analytical Methods
The concentrations of xylitol, xylose, glucose, acetic acid, and arabinose were measured by HPLC (Agilent 1200, Agilent, USA) with a RID and a Rezex RHM Monosaccharide H + column (Phenomenex, USA) operated at 80°C. Ultrapure water was used as mobile phase at a flow rate of 0.6 mL/min and 20 μL of filtered sample was injected by auto sampler. Furfural and HMF concentrations were also measured by HPLC but with a UV-DAD set at 276 nm and a Zorbax eclipse XDB-C 18 column (5 μm; Agilent, USA) at 25°C. In this case, the mobile phase was acetonitrile/water (1:8) with 1 % (v/v) glacial acetic acid at a flow rate of 0.8 mL/ min. The mobile phases were previously vacuum-filtered and degassed. The samples were diluted with ultrapure water (1/5, v/v). All the diluted samples and standard solutions were filtered with a syringe filter (NY 0.45 μm, Membrane Solutions) into HPLC vials before running analysis. The total concentrations of LDPs were estimated spectrophotometrically according to the Prussian blue method [19] using tannic acid as standard. The cell dry weight was measured by dry weight method and XR activity was determined spectrophotometrically at 340 nm as reported previously [14] . One unit (U) of XR is referred to as the amount of enzyme required to catalyze the oxidation of 1 μmol of NADPH per minute at pH 7.0 and 25°C.
Experimental Design and Parameter Screening by FFD
Parameter screening was a further continuation of another study based on the one factor at a time (OFAT) approach to select the effective levels of factors for xylitol production [20] . FFD was employed to screen the factors significantly affecting bioxylitol production from MWSHH by XR. The statistical software Design Expert® (Stat Ease, Inc., USA) was applied for the experimental design and analysis of the observed data throughout the screening process. Five independent variables considered for the factorial design were reaction time (X 1 ), temperature (X 2 ), pH (X 3 ), NADPH concentration (X 4 ), and enzyme concentration (X 5 ). Each variable was examined at a high (coded +1) and low (coded −1) level. The center points were the runs with the basal level conditions (coded 0). According to the results of the OFAT study, other two factors xylose concentration and agitation rate were kept constant at 18.8 g/L and 100 rpm, respectively, due to their insignificant effects on xylitol production. Table 1 shows the independent variables for screening process using FFD. A 2 5-1 FFD was followed to analyze the statistical significance of each parameter influencing xylitol biosynthesis, and consequently, this design included 16 combinations plus six replicates at the center point leading to 22 sets of experimental runs. Xylitol yield (Y p/s ) was taken as the response or output variable of the factorial design experiments. Each run was carried out in triplicate in random order to avoid systematic errors, and the mean values with SD were recorded. The experimental design and results were analyzed through a first-order polynomial equation (Eq. (1)) based on the method of Montgomery [21] .
where Y is the value of the response variable, b 0 is the interception coefficient, b i represents the coefficients of the linear parameters, X i represents the coded independent variable, and k is the number of variables. The statistical significance of the regression coefficients was measured by F test value, and the model terms were selected or rejected based on the value of F ratio (Prob > F) or significance. The statistical analysis of the first-degree model equation was conducted via analysis of variance (ANOVA). This analysis comprised of an F test, its associated probability, correlation coefficient (R), and determination coefficient (R 2 ), which measures the proportion of variance explained by the created model.
Results and Discussion
Statistical Screening of Parameters
The possible optimum conditions determined by OFAT for xylitol production are reaction time 10 h, temperature 30°C, pH 7.0, NADPH concentration 3.66 g/L, enzyme concentration 3 % (v/v), xylose concentration 18.8 g/L, and agitation 100 rpm. Xylitol yield of 56 % (w/w) was obtained under these conditions. The OFAT study explored that among the seven factors examined, five factors, namely, reaction time, temperature, pH, NADPH, and enzyme concentration markedly influenced the biosynthesis of xylitol from MWSHH [20] . Therefore, these factors were studied further by FFD for identifying the most significant variables by taking into account their interaction effects to maximize xylitol yield. The FFD is successfully used to reduce both cost and time of a process where it aims to establish a design experiment with less number of tests [18] . Five input variables reaction time (X 1 ), temperature (X 2 ), pH (X 3 ), NADPH concentration (X 4 ), and enzyme concentration (X 5 ) were taken into consideration in the parameter screening study with xylitol yield (Y p/s ) as an output variable. The FFD layout and experimental and predicted values of the screening design are listed in Table 2 . The results of the FFD study are presented in the following section.
Identification of Significant Variables by FFD
The experimental data were systematically analyzed via a 2 5-1 FFD by investigating the main and interaction effects of reaction time, temperature, pH, NADPH concentration, and enzyme concentration on xylitol yield, as summarized in Table 3 . A statistical testing was carried out using an F test for ANOVA that was applied to determine the significant factors where degree of significance was ordered according to the F value. The larger F value and the smaller Prob > F value indicate that the corresponding model and the individual coefficient are more significant [21] . From Table 3 , it was found that the F and P values of the model were 50.44 and <0.0001, respectively, implying that the model constructed was significant as well as it fitted the experimental data adequately. In addition, the determination coefficient R 2 of the model was 0.9894 indicating that 98.94 % of the variability in the observed results was demonstrated by the model, which was found to be highly significant. The curvature Prob > F value of <0.0001 indicated that the curvature in the design space was greatly significant relative to the noise. The lack of fit (LOF) value was insignificant (Prob > F=0.5608) in relation to the pure error. The significant value of curvature and insignificant LOF value indicated that the developed model was in a good fit. It was also found that the main effect of reaction time (X 1 ), temperature (X 2 ), and pH (X 3 ) and the two-level interactions of X 1 X 2 , X 1 X 3 , X 1 X 4 , X 2 X 3 , X 2 X 4 , X 2 X 5 , X 3 X 4 , and X 3 X 5 were significant model terms (Table 3) . Other terms such as X 4 (NADPH conc.) and X 5 (enzyme conc.), two-level interactions of X 1 X 5 and X 4 X 5 , and higher level (>2) interactions were insignificant in improving xylitol yield as their confidence level was less than 95 % (Prob > F=>0.05 indicates that model terms are not significant). Based on the magnitude of the F value, the ranking of the significant model terms is X 1 >X 3 >X 2 X 5 >X 3 X 4 >X 1 X 2 >X 3 X 5 >X 2 X 4 > X 2 >X 1 X 3 >X 1 X 4 >X 2 X 3 . The statistical significance of the main and interaction effects of independent variables on the response was further diagnosed and compared and graphically presented in the half-normal probability plot as shown in Fig. 1 . It was observed that the ranking of dominating effects that are likely to identify the influential variables was essentially consistent with the output of ANOVA (Table 3) . Thus, reaction time, temperature, and pH are the most significant factors influencing bioxylitol production, especially the reaction time (Prob > F=<0.0001).
The first-order model created from FFD analysis could be adopted to screen the crucial and critical factors of experimental conditions. It is mentioned that a factor is treated to have higher significant influence on xylitol yield if its coefficient value is relatively greater than the others. Furthermore, a factor with a positive coefficient has an enhancing impact toward xylitol yield compared to a negative value, which had the opposite impact. A factorial design (first order) model (Eq. (2)) in terms of coded variables was obtained from the regression results, and statistically insignificant terms were excluded from the equation to make a simpler model. From Eq. (2) it is inferred that the main effect of reaction time has the largest coefficient (X 1 ; + 4.53) followed by pH (X 3 ; +1.79), temperature (X 2 ; +1.32), enzyme concentration (X 5 ; −0.53), and NADPH concentration (X 4 ; −0.56). These results were closely consistent with the ANOVA output (Table 3) where the variable reaction time (X 1 ) has the highest F value. The negative coefficient of enzyme concentration (X 5 ) indicated that the loading of more XR to the reaction medium resulted in the decrease in xylitol formation. At higher XR concentration compared to substrate, all enzymes could not combine with substrates, which might result in a significant diminution in the corresponding product. In a previous study, the authors revealed that xylitol yield increased with increasing XR concentration up to 3 % (with a yield of 56 %) and then decreased with a further increase in enzyme concentration [20] .
Interactions Among Variables
The interactions among different variables involved in FFD were assessed by plotting the interaction and response surface curves for maximum xylitol production. The interaction and surface plots were constructed showing the interaction among two factors by holding others at their middle level for the prediction of xylitol yield, Y p/s as shown in Fig. 2 . Figure 2a 1 , a 2 highlights how the xylitol yield was influenced by the interactive effect between reaction time (X 1 ) and temperature (X 2 ) in screening design when the other three parameters pH (X 3 ), NADP H concentration (X 4 ), and enzyme concentration (X 4 ) were fixed at 6.0, 2.83 g/L, and 3 % (v/v), respectively. It was observed that xylitol yield increased while the reaction time and temperature increased to the maximum level ( Fig. 2 a 1 , a 2 ). The figure also depicts a remarkable enhancement in xylitol yield due to the interaction among reaction time and temperature (X 1 X 2 ) as the time increases from 8 to 12 h, suggesting that this parameter has a significant effect on the yield. The improvement in yield (from 56.01 % for 8 h to 68.13 % for a reaction time of 12 h) brought by increasing reaction time appeared to be larger at higher temperature conditions (35°C). These findings implied that long reaction time will result in higher xylitol yield (71.12 %) as demonstrated by run 4 ( Table 2 ). The interaction among reaction time and pH (X 1 X 3 ) for xylitol yield at middle levels of temperature, NADPH, and enzyme concentration (30°C, 2.83 g/L, and 3 %, respectively) is presented in Fig. 2b 1 , b 2 . It was revealed that increasing the pH at longer reaction time (12 h) results in an appreciable increase in xylitol yield from 64.52 % at pH 5.0 to 66.05 % at a pH value of 7.0 (Fig. 2b 1 , b 2 ). On the other hand, an increase in pH at shorter reaction time (8 h) seemed to have minor impacts on the enhancement of xylitol yield (from 53.40 % at pH 5.0 to 59.04 % at the pH value of 7.0). These observations could be explained in terms of the limited ionization of functional groups of XR at low pH condition [15] . Based on these outcomes, it can be concluded that high pH value offers the highest xylitol yield of 66.44 % as achieved in run 14 ( Table 2) .
The interaction plot and its corresponding response surface plot representing the interaction effect between temperature and pH (X 2 X 3 ) on xylitol yield when reaction time, NADPH concentration, and enzyme concentration were set at 10 h, 2.83 g/L, and 3 %, respectively, are depicted in Fig. 2c 1 , c 2 . It was found that increasing the reaction temperature from 25 to 35°C, xylitol yield increased progressively from 60.61 % at 25°C to 64.48 % at 35°C at high pH value (pH 7.0) (Fig. 2c 1 , c 2 ) . Under the same temperature, a little improvement in xylitol yield was seen at low pH value (pH 5.0) (increased from 58.26 % at 25°C to 59.66 % at 35°C). This outcome demonstrated that the enzyme efficiency for xylose to xylitol bioconversion is synergistically influenced by temperature and pH of the reaction. It can be highlighted that higher temperature will produce the maximum xylitol yield (68.03 %) as determined by run 12 ( Table 2) .
As shown in Fig. 2 , the yield of xylitol was always increased in the given range of the operating conditions, which is consistent with the previous report [20] . To explore the effects of factors on bioxylitol production and to select their suitable range, different levels of reaction time (2-18 h), temperature (20-70°C), pH (4.0-9.0), xylose (9.4-37.6 g/L), NADPH (1.17-5.32 g/L), enzyme concentration (2-6 %), and agitation (50-150 rpm) were employed using the OFAT method. It was found that xylitol yield increased with increasing time, temperature, pH, NADPH, and enzyme concentration and reached to a maximum value of 56 % (w/w) at 10 h, 30°C, 7.0, 3.66 g/L, and 3 %, respectively. The yield of xylitol remained constant and/or decreased sharply with further enhancement of them [20] . It was also found in the OFAT study that reaction time between 8 to 12 h, temperature 25 to 35°C, pH 5.0 to 7.0, NADPH 2 to 3.66 g/L, and XR concentration 2 to 4 % (v/v) were critical to obtain a significant amount of xylitol that were applied in the screening process using FFD.
During xylose to xylitol bioconversion, glucose, arabinose, LDPs, furfural, and HMF contents remained almost unchanged in the reaction mixture. Acetic acid concentration slightly decreased with increasing time probably due to its partial evaporation during the reaction. These results pointed out that the MWSHH-contained xylose, glucose, acetic acid, arabinose, LDPs, furfural, and HMF (in the concentrations of (g/L) 18.8, 4.64, 4.14, 2.55, 1.55, 0.55, and 0.08, respectively) did not hinder the bioconversion courses. Hence, MWSHH can be used as an alternative source of xylose for bioxylitol production by enzymatic conversion. The suitable conditions for the highest xylitol production determined by the FFD study were reaction time 12 h, temperature 35°C, pH 7.0, NADPH concentration 2.83 g/L, and enzyme concentration 3 % (v/v). These conditions led to a xylitol production of 13.37 g/L with a yield of 71.11 %. This is the first report on the application of statistical design FFD to identify the significant factors affecting bioxylitol production from lignocellulosic substrate using XR. It was noticed that the xylitol yield of 71.11 % with operating conditions was obtained by the FFD, which was 1.27-fold higher than the yield achieved by the OFAT (56 %). Thus, the combined effects of the OFAT and FFD method proved effective in finding the most critical variables that had a significant impact on bioxylitol production from MWSHH-based medium.
Among the variables screened out through FFD, reaction time (X 1 ), temperature (X 2 ), and pH (X 3 ) were identified as the most crucial variables influencing xylitol bioconversion. NADP H and enzyme concentration in the production of bioxylitol did not yield remarkable variation at 95 % confidence level (CL). Based on the P > F values, it could be demonstrated that three interactive terms (X 1 X 2 , X 1 X 3 , and X 2 X 3 ) were also crucial at 95 % CL. It is important to note that the number of variables to be considered in the optimization design is significantly reduced from five to three. Thus, FFD proved to be an important statistical design, which can be employed to determine the most influential factors and their interactions that act more on experiments with a reduced number of runs in a bioprocess. Therefore, the obtained firstorder regression model will be useful for further optimization by response surface methodology in order to create a second-order model, which can predict the responses more accurately.
Conclusion
Enzymatic bioconversion of xylose to xylitol was conducted in order to measure the impact of process factors reaction time, temperature, pH, NADPH, and XR concentration on xylitol production. A 2 5-1 FFD was applied to indentify the critical variables considering their mutual interaction toward xylitol yield. FFD was found to be an effective strategy to pick up the key variables for maximum xylitol production from MWSHH by XR. Using FFD, time, temperature, and pH were identified as the most important factors influencing bioxylitol production with the favorable values of 12 h, 35°C, and 7.0, respectively. Xylitol yield was 71 % under these conditions. The use of hemicellulosic hydrolysate as a source of xylose will discourage the utilization of high-priced commercial xylose and also yield a specialty product xylitol from low-cost hydrolysate of MWS. Indeed, this is the first study trying to utilize lignocellulosic hydrolysate as xylose source for enzymatic conversion to xylitol. Thus it will serve as a benchmark for further research on enzyme-based bioxylitol production from LCBs.
